The High Rate Water Treatment Plant (HR-WTP) 
Introduction
The demand of municipal drinking water in Indonesia is always increasing in direct proportion to population growth and to increasing industrial water demands. However, instead of increased capacities and services, the municipal water supplies are constrained by limited financial factors.
The water treatment plant systems in Indonesia have a total capacity of around 100.000 Lps which serve more or less 100.000.000 population equivalent. Only less than 30% of the population is covered by these water treatment plant systems.
Furthermore, there are operational problems of the water treatment plant (WTP) system in some cities in Indonesia (even though they are operated at low to medium loading rate) especially in the sedimentation units, e.g., sludge carry over, flow distribution, temperature effect, density flow, algal growth, scale deposits, wind effect, etc. (Mohajit, 2002) . Due to these problems, the filter unit of the water treatment plant systems become inefficient because of its frequent clogging of the filter media. In a normal operation without such a problem the filter unit of the water treatment plant system may work with a backwashing cycles of around 24-48 hours. The more frequent the filter is backwashed the more inefficient the filter unit would be.
If operational problems of the water treatment plant system can be solved and the loading rate of the system can also be increased then the systems will become more efficient and effective therefore the capacity of the water service may be increased and thus the demand of municipal drinking water might be supplied (Mohajit, 2010) .
The objective of this work is to find any methods to increase the production and service capacity of the municipal water treatment plant system in order to reach the millennium development goals in water supply sector in Indonesia, where an additional capacity of ca 150,000 Lps should be developed within a 15 years period.
Material and Methods
The HR-WTP system had been implemented successfully at Dekeng WTP system at PDAM Kota Bogor and Pedindang WTP system at PDAM Kota Pangkalpinang. The WTP systems were investigated and modified by introducing a new configuration of the systems to increase its capacity (up to double or even three fold) as well as to improve its performance.
Mathematical model of the WTP system had been developed and simulation using the mathematical model as well as field observation had been clarified. The detailed report of the successful application of HR-WTP system for Dekeng and Pedindang WTP system can be found elsewhere (Mohajit, 2010; 2006) . The mathematical model focuses on the sedimentation and filter unit because these two units represent the performance of the WTP-system as the limiting factors. Development and improvement of the sedimentation and the filter unit will significantly affect the WTP-system performance (Mohajit, 2006; Mohajit and Poedjastanto, 2003) .
New configuration of the WTP-system was then defined by modifying the design variable of the sedimentation unit as well as the filter unit. The sedimentation unit was provided with the more efficient and effective plate settler and the filter unit was developed by introducing a new filter media with a coarser gradation but still capable to retain a fine flocs with particle size of 50-80 micron as commonly found in the supernatant of the sedimentation unit.
Result and Discussion
The Dekeng WTP system of PDAM Kota Bogor was designed for 500 Lps (Liter per second) in capacity with its performance as fair to good performance. The system consists of coagulation unit, flocculation unit, sedimentation unit, filtration unit, and disinfection unit. The system was operated at hydraulic capacity of around 460 Lps and a fair to good performance was reached, and the output of treated water met the drinking water quality standard.
By modification of the system configuration in the sedimentation unit as well as in the filter unit as reported in detailed in Reference (Mohajit, 2010) it was proven that the Dekeng WTP system could be up-rated from its original capacity of 460 Lps with a fair performance to 1200 Lps in capacity with a good performance. The surface loading of the sedimentation unit was increased much higher from the conventional level of 11.56 mph (meter per hour) to a high rate level of 30.48 mph. At this high rate level of loading rate the system is hydraulically still in a laminar and stable condition. No scouring effect on floc particles or sludge washout was observed (Tabel 1). Further more by modification of the filter unit with a coarser gradation of the media it can be achieved that the filter unit could be up-rated from its original capacity of 460 Lps with a good performance to 1200 Lps in capacity with a similar performance.
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The filtration rate was increased much higher from a conventional level of 6.4 mph to high rate level of 16.7 mph. At this high level of filtration rate the system was still under condition of good performance where the in-plant water losses are less than 5%. This is acceptable in accordance with the design standard ( Table 2 ). The filtrate of treated water has less than 0.5 NTU of turbidity, and this is much better than the prevailing drinking water standard of 5 NTU. Another successful application of HR-WTP system was experienced at Pedindang WTP system where the system was designed for 75 Lps in capacity with its performance as expected fair to good performance. The WTP system was a typical pulsator system which consists of coagulation unit, flocculation unit, sedimentation unit, filtration unit, and disinfection unit. The system was actually operated at hydraulic capacity of around 50 Lps and a poor to fair performance was resulted. Table   III shows a comparable result in the application of HR-WTP for up-rating and upgrading Dekengand Pedindang WTP system. It can be seen from the Table III that uprating of Dekeng WTP-system is characterized by a higher surface loading rate of the Sedimentation Unit, i.e., 30.48 mph as compared to the uprating of Pedindang WTP-system (the surface loading rate of the Sedimentation Unit is 26.84 mph).
On the other hands, the uprating of Pedindang WTP-system is characterized by a higher filtration rate, i.e., 28.7 mph as compared to the uprating of Dekeng WTP-system (the filtration rate is only
mph).
This clearly shows that application of a surface loading as high as 30 mph for Sedimentation Unit and a filtration rate as high as 30 mph are likely feasible and implementable. 
Conclussion
The HR-WTP system, which is inexpensive, effective and efficient, has been developed to reduce the common operational problems, and also as an alternative for the development of water treatment plant systems capacity in Indonesia.
Implementation of HR-WTP system in up-rating of the Dekeng-WTP system at PDAM Kota Bogor proved successful in increasing the plant capacity from its original of 460 Lps to more than 1200
Lps. Another successful application of HR-WTP system was experienced in the upgrading and uprating of the Pedindang-WTP system at PDAM Kota Pangkalpinang where the plant capacity can be increased from its original of 50 Lps to 300 Lps.
This new approach might be an innovative solution to the challenge of Millennium Development Goals in Water Supply Sector in Indonesia, where an additional capacity of ca 150,000 Lps should be developed within a 15 years period with an estimated budget of US $1.5 billions.
